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(54) Coating method and coating apparatus 

(57) In a coating method for forming a film of a coat- 
ing material on a substrate by supplying the coating ma- 
terial from a coating unit to the substrate held by a stage 
while the coating unit is moved relative to the stage, the 
stage includes a substrate-holding section and a periph- 
eral section which has a surface higher than that of the 
substrate-holding section. The coating method includes 



the steps of mounting the substrate on the substrate- 
holding section of the stage; forming the film of the coat- 
ing material so that the coating covers the substrate and 
extends to the peripheral section; and removing the 
coating material remaining in the peripheral section by 
a coating material removing unit after the substrate pro- 
vided with the film is dismounted from the stage. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a coating 
method for forming a liquid film in fabrication processes 
for electronic devices, such as liquid crystal display de- 
vices and semiconductor devices; a coating apparatus; 
and a method of forming a film. 

Description of the Related Art 

[0002] Fabrication processes for liquid crystal display 
devices, semiconductor devices, and the like, include 
steps for forming various types of films. Examples of 
these films are photosensitive films, such as a photore- 
sist film used in photolithography, alignment films and 
colored films of color filters used for liquid crystal display 
devices, and interlayer insulating films used for semi- 
conductor devices. 

[0003] Conventionally, such films have been made of 
films of coating solutions (liquid films) which are formed 
by spin coating. Recently, as one method for forming a 
liquid film, a die coating method is receiving attention. 
In the diecoating method, a coating head (die head) pro- 
vided with a slit having an opening of approximately 10 
to 100 jim comprising parallel edges of two die blades 
is used. A coating solution, which is ejected from the slit 
by a gas compressor, a pump, or the like, is directly ap- 
plied to a planar substrate, such as a glass substrate or 
a semiconductor wafer, to form a liquid film. The die 
coating method is also referred to as a slit coating meth- 
od or an extrusion coating method. 
[0004] Methods and apparatuses for die coating (slit 
coating) are disclosed in Japanese Patent Laid-Open 
Nos. 1 0-01 271 0 and 1 1 -090295, for example. 
[0005] By using the die coating method, the amount 
of a coating solution used can be significantly reduced 
in comparison with the conventionally used spin coating 
method. Also, in the case of a liquid crystal display de- 
vice using a rectangular substrate, a liquid film can be 
formed only where required on the substrate. 
[0006] While the die coating method is suitable for 
rectangular substrates, such as glass substrates used 
for liquid crystal display devices and the like, with re- 
spect to circular and nonrectangular substrates, such as 
silicon wafers and recording disks, because of the struc- 
ture of the coating head for ejecting the coating solution, 
it is difficult to apply the coating solution only onto the 
substrates. As will be described below, if application is 
performed by modifying the shape of a stage for holding 
a substrate, the coating solution is also applied to the 
periphery of the stage. When a solvent in the coating 
solution is vaporized, a solidified material remains on 
the stage, which may affect a film of the coating solution 
subsequently ejected from the coating head, resulting 



in nonuniform thickness, and for example, the formation 
of stripes. 

[0007] Additionally, in the conventional coating meth- 
od, regardless of rectangular substrates or nonrectan- 
5 gular substrates, the liquid film formed has insufficient 
in-plane uniformity. In particular, nonuniform thickness 
readily occurs where the thickness of the liquid film on 
edges of a substrate differs from the thickness of the 
liquid film in the center of the substrate. 

10 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to pro- 
vide a coating method and to provide a coating appara- 

15 tus for applying a liquid film, in which the liquid film can 
be uniformly applied repeatedly. 
[0009] It is another object of the present invention to 
provide a coating method, a coating apparatus, and a 
film-forming method, in which a liquid film or a film hav- 

20 jng superior in-plane uniformity can be formed on a sub- 
strate. 

[0010] In one aspect of the present invention, in a 
coating method for forming a film of a coating material 
on a substrate by supplying the coating material from a 
25 coating unit to the substrate held by a stage while the 
coating unit is moved relative to the stage, the stage in- 
cluding a substrate-holding section and a peripheral 
section which has a surface higher than that of the sub- 
strate-holding section, the coating method includes the 
30 steps of mounting the substrate on the substrate-hold- 
ing section of the stage; forming the film of the coating 
material so that the coating range extends to the periph- 
eral section: and removing the coating material remain- 
ing in the peripheral section by a coating material re- 
35 moving unit after the substrate provided with the film is 
dismounted from the stage. 

[0011] In another aspect of the present invention, a 
coating apparatus includes a stage for holding a sub- 
strate, a coating unit for supplying a coating material on- 
40 to the substrate, and a coating material removing unit. 
A film of the coating material is formed by supplying the 
coating material onto the substrate held by the stage 
while the coating unit and the stage are moved relative 
to each other. The stage includes a substrate-holding 
45 section and a peripheral section which has a surface 
higher than that of the substrate-holding section, and 
the coating material removing unit removes the coating 
material applied to the peripheral section of the stage. 
[0012] In another aspect of the present invention, a 
50 method of forming a film includes a step of applying a 
film of a coating material to a substrate by the coating 
method of the present invention and a step of baking the 
film formed by the coating material. 
[0013] In another aspect of the present invention, in 
55 a coating method as well as in a coating apparatus, 
while a coating head including a slit comprising at least 
two parallel blades is moved relative to a stage for hold- 
ing a substrate, a coating material is ejected from the 
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coating head to form a film of the coating material on the 
substrate held by the stage. After the substrate is dis- 
mounted from the stage, the coating material adhering 
to the stage is removed by a coating material removing 
unit, and then coating is performed on a new substrate. 
[0014] In accordance with the present invention, by 
removing the coating material adhering to the stage, 
nonuniform thickness, which may occur in a liquid film 
subsequently formed, can be avoided. 
[001 5] By applying a liquid film to the substrate so that 
the peripheral section of the stage, which has a surface 
having a height close to that of the surface of the sub- 
strate to be coated, is also within the coating range, non- 
uniform thickness on the edge of the substrate can be 
avoided. 

[0016] Further objects, features and advantages of 
the present invention will be apparent from the following 
description of the preferred embodiments with reference 
to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is a perspective view which schematically 
shows a coating apparatus in an embodiment of the 
present invention; 

FIG. 2 is a sectional view of the coating apparatus 
shown in FIG. 1 ; 

FIGs. 3Ato 3D are schematic diagrams illustrating 
steps of forming a film of a coating material by a die 
coating method and of removing the coating mate- 
rial in accordance with the present invention; 
FIGs. 4Ato 4D are perspective views illustrating the 
steps of forming the film of the coating material by 
the die coating method and of removing the coating 
material shown in FIGs. 3Ato 3D; 
FIGs. 5A and 5B are sectional views of films of coat- 
ing solutions obtained by coating methods in a com- 
parative example and in an example of the present 
invention, respectively; 

FIG. 6 is a perspective view of a coating apparatus 
for applying a liquid film in another embodiment of 
the present invention, which illustrates a method of 
removing a coating solution; 
FIG. 7 is a sectional view of the coating apparatus 
shown in FIG. 6; 

FIG. 8 is a perspective view of a coating apparatus 
in another embodiment of the present invention, 
which illustrates a method of removing a coating so- 
lution; 

FIG. 9 is a sectional view of the coating apparatus 
shown in FIG. 8; 

FIG. 10 is a perspective view which schematically 
shows a coating apparatus in another embodiment 
of the present invention; 

FIG. 11 is a sectional view which schematically 
shows a coating apparatus in another embodiment 



of the present invention; 

FIG. 12 is a perspective view which schematically 
shows a coating apparatus in another embodiment 
of the present invention; and 
5 FIG. 13 is a sectional view which schematically 

shows a coating apparatus in another embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Embodiments of the present invention will be 
described with reference to the drawings. 
[0019] Although the coating method, such as the die 
coating method, is suitable for rectangular substrates, 
with respect to circular and nonrectangular substrates, 
such as silicon wafers and recording disks, because of 
the structure of the coating head for ejecting a coating 
solution, it is difficult to apply the coating solution only 
onto the substrates. 

[0020] Additionally, whether the substrates are rec- 
tangular or nonrectangular, the liquid film formed on the 
substrate has insufficient in-plane uniformity, and in par- 
ticular, nonuniform thickness readily occurs where the 
thickness of the liquid film on the edge of the substrate 
differs from the thickness of the liquid film in the center 
of the substrate. 

[0021] In order to overcome the problems described 
above, the height of the periphery of the stage is in- 
creased so that the upper surface of the peripheral sec- 
tion of the stage is substantially level with the su rface of 
the substrate to be coated, and the coating solution is 
applied so as to extend to the peripheral section of the 
stage. As a result, it is possible to improve uniformity in 
the thickness of the liquid film formed on the substrate. 
[0022] However, if the coating solution remains on the 
peripheral section of the stage, it solidifies, thus prevent- 
ing uniform coating in the subsequent coating process. 
[0023] Therefore, in the present invention, a removing 
unit is provided, which can remove foreign matter, such 
as the coating solution and the film of the coating solu- 
tion remaining on the peripheral section of the stage, 
and, if generated, a solidified material thereof, so that 
the peripheral section of thestage is cleaned and a liquid 
film can be formed with a uniform thickness. 
[0024] FIG. 1 is a perspective view which schemati- 
cally shows a coating apparatus in a first embodiment 
of the present invention, and FIG. 2 is a sectional view 
of the coating apparatus shown in FIG. 1 . 
[0025] FIGs. 3A to 3D are schematic diagrams illus- 
trating the steps of forming a film of a coating solution 
by a die coating method and of removing the coating 
solution in accordance with the present invention. 
[0026] FIGs. 4A to 4D are perspective views illustrat- 
ing the steps of forming the film of the coating solution 
by the die coating method and of removing the coating 
solution shown in FIGs. 3Ato 3D. 
[0027] As shown in FIGs. 1 and 2, the coating appa- 
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ratus in this embodiment includes a stage 1 for holding 
a substantially circular substrate W, such as a wafer, a 
coating unit 2 for applying a coating solution to the sub- 
strate W held by the stage 1 , and a coating solution re- 
moving unit 3 for removing the coating solution remain- 
ing on and adhering to the stage 1 . 
[0028] The stage 1 is provided with a substrate-hold- 
ing section 5 comprising a recess for holding the sub- 
strate W, which has a size substantially corresponding 
to the size of the substrate W so that the surface of the 
substrate W to be coated is substantially level with the 
surfaces 1 A, 1 B, and 1 C of the peripheral section of the 
stage 1 . 

[0029] For example, when a wafer having a thickness 
of 0.625 mm and a diameter of 125 mm (a so-called 
"5-inch wafer") is coated, the recess of the substrate- 
holding section 5 is formed so as to have a size corre- 
sponding to the size of the wafer (with a diameter of 1 25 
mm and a depth of 0.625 mm). 

[0030] As required, suction holes 6 which are con- 
nected to the substrate-holding section 5 are provided 
on the stage 1 so that the substrate W is held in the 
substrate-holding section 5 in close contact with the bot- 
tom of the recess, and the suction holes 6 are connected 
to a vacuum suction source 7A via a suction tube 7. 
[0031] The coating unit 2 includes a coating head (die 
head) 8, a coating solution supply source 9A for supply- 
ing a coating solution to the coating head 8, a coating 
solution feed channel 9 for connecting the coating head 
8 to the coating solution supply source 9A. The coating 
solution supply source 9A includes a pump, a coating 
solution vessel, a compressor, a diaphragm, a valve, 
etc. 

[0032] The coating head 8 is provided with a slit 8C 
having an opening of 1 0 to 1 00 jim composed of at least 
two blades 8A and 8B, and the length of the slit 8C is 
slightly larger than the maximum width (herein corre- 
sponding to the diameter of the wafer) of the substrate 
W to be coated. The coating head 8 is vertically adjust- 
able so as to be located with a slight distance above the 
surface 1 A of the peripheral section of the stage 1 and 
also is constructed so as to be translated relative to the 
stage 1 . 

[0033] Consequently, by ejecting the coating solution 
from the slit 8C while the coating head 8 is translated 
along the surface of the substrate W to be coated rela- 
tive to the stage 1 , the entire upper surface of the sub- 
strate W held by suction on the stage 1 is coated with 
thecoating solution, and thus a liquidfilm can be formed 
on the substrate W. 

[0034] Thecoating solution removing unit 3 for remov- 
ing the coating solution adhering to the stage 1 includes 
a liquid absorbing roller 1 0 composed of a cylindrical po- 
rous structure 10A which can be moved while rotating 
on the surface of the stage 1 . a hollow shaft 1 1 provided 
with many holes on the surface disposed in the center 
of the liquid absorbing roller 10, and a vacuum suction 
source 12A which is connected to the hollow shaft 11 



via a vacuum suction channel 12. A highly absorbent 
fabric 1 0B composed of ultrafine fibers with a fine high- 
density structure may be further wound around the sur- 
face of the porous structure 1 0A of the liquid absorbing 

5 roller 10 in orderto acceleratethe absorption of the coat- 
ing solution. As the highly absorbent fabric 1 0B, a poly- 
urethane resin or the like may be used. As the porous 
structure 10A, ceramics or the like may be used. 
[0035] With respect to the coating solution removing 

10 unit 3, by rotating and moving the liquid absorbing roller 
10 on the surface of the stage 1 , the coating solution 
adhering to the stage 1 can be absorbed by the highly 
absorbent fabric 1 0B and the porous structure 1 0A. Fur- 
thermore, by applying a negative pressure, which is low- 

15 erthan the atmospheric pressure, to the hollow shaft 11 
using the vacuum suction source 1 2A, the coating solu- 
tion adhering to the surface of the stage 1 is vacuumed 
up and absorbed via the surface of the liquid absorbing 
roller 10 composed of the highly absorbent fabric 10B 

20 and the porous structure 1 0A, and is then vacuumed up 
from the periphery of the liquid absorbing roller 10 to the 
center, and the vacuumed-up solution is conveyed from 
the hollowshaft through the vacuum suction channel 12 
to be discharged out of the liquid absorbing roller 1 0. As 

25 the coating solution removing unit, a liquid absorber 
such as the one disclosed in Japanese Patent Laid- 
Open No. 9-015981 may be used. 
[0036] Next, a method for forming a liquid film by ap- 
plying a coating solution to a substrate held by suction 

30 on a stage and for removing the coating solution adher- 
ing to the stage, using the coating apparatus described 
above, will be described stepwise with reference to 
FIGs. 3A to 3D and FIGs. 4A to 4D. 
[0037] First, as shown in FIGs. 3A and 4A, a substrate 

35 w, such as a semiconductor wafer or a recording disk, 
is disposed on the bottom of the substrate-holding sec- 
tion 5 of the stage 1 . The substrate W is made to adhere 
to the substrate-holding section 6 by suction by activat- 
ing the vacuum suction source 7A so that the suction 

40 holes 6 have a pressure that is lower than the atmos- 
pheric pressure, and thus the substrate W is held by the 
stage 1 . The surface of the substrate W to be coated is 
level with the surfaces 1 A and 1 B of the peripheral sec- 
tion of the stage 1 . Herein, "being level with" is not lim- 

45 jted to that the height of the surface of the substrate to 
be coated and the height of the surface 1A of the pe- 
ripheral section of the stage are completely equal to 
each other without any error. An error of approximately 
-20 jim, when the surface of the substrate to be coated 

50 is lower, and an error of +200 um when the surface of 
the substrate to be coated is higher, may be allowed. 
[0038] Next, as shown in FIGs. 3B and 4B, the coating 
unit 2 is operated. By ejecting a coating solution P from 
the slit 8C of the coating head 8 while the coating head 

55 8 is moved along the surface of the substrate W to be 
coated held by the stage 1 in a direction perpendicular 
to the longitudinal direction of the slit 8C, the coating 
solution P is applied to the region including the entire 
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surface of the substrate W to be coated. 

[0039] As shown in the drawing, the coating solution 

is preferably applied so as to extend to the peripheral 

section. 

[0040] In particular, as shown in the drawing, prefer- 
ably, a certain distance is provided between the point 
where coating starts on the surface 1 B of the peripheral 
section of the stage and the edge of the substrate W 
and also a certain distance is provided between the 
edge of the substrate W and the point where the coating 
ends on the surface 1 A of the peripheral section of the 
stage. 

[0041 ] Preferably, as shown in the drawing, the length 
of the slit 8C is set longer than the maximum width W1 
(herein, the diameter of the circular substrate) of the 
substrate W so that the coating solution is also applied 
on the surface 1 C of the peripheral section of the stage 
on either side of the substrate W in the moving direction 
of the head. 

[0042] More preferably, the coating solution P is ap- 
plied to the surfaces 1A, 1B, and 1C of the peripheral 
section of the stage and the entire surface of the sub- 
strate W to be coated. 

[0043] The pressure of the suction holes 6 is in- 
creased back to atmospheric pressure by releasing the 
suction of the substrate W by the vacuum suction source 
7A. As shown in FIG. 3C, by dismounting the substrate 
W from the substrate-holding section 5 of the stage 1 , 
the substrate W in which the entire upper surface is coat- 
ed can be obtained. 

[0044] After the substrate W is removed, the coating 
solution P adheres to the stage 1 in the region (a portion 
of the peripheral section) shown in FIGs. 3C and 4C. 
[0045] As shown in FIGs. 3D and 4D, the coating so- 
lution P adhering to the stage 1 is removed by rotating 
and movingthe liquid absorbing roller 10 on the surfaces 
1A, 1B, and 1C of the stage 1 underpressure. That is, 
when the hollowshaft 11 is applied with a negative pres- 
sure, which is lower than the atmospheric pressure, us- 
ing the vacuum suction source 12Athe liquid absorbing 
roller 1 0 is rotated and moved on the surface of the stage 
1. The coating solution adhering to the surface of the 
stage 1 is vacuumed up and absorbed via the surface 
of the liquid absorbing roller 10 which is composed of 
the highly absorbentfabric 1 0B and the porous structure 
1 0A. The coating solution is then vacuumed up from the 
periphery of the liquid absorbing roller 10 to the center, 
and the vacuumed-up solution is conveyed from the hol- 
low shaft through the vacuum suction channel 1 2 to be 
discharged out of the liquid absorbing roller 1 0. 
[0046] By treating and removing the coating solution 
P on the stage 1 as described above, the coating solu- 
tion P does not enterthe substrate-holding section 5 and 
most of the coating solution P on the stage 1 can be 
removed. 

[0047] After the coating solution P is removed by the 
coating solution removing unit 3 as shown in FIGs. 3D 
and 4D, a new substrate W is held by suction in the sub- 



strate-holding section 5 of the stage 1 and the coating 
solution P is applied by the coating head 8 in the same 
manner as that described above. 
[0048] By repeating the application of the coating so- 
5 lution P to the substrate W and the removal of the coat- 
ing solution P adhering to the stage 1 as described 
above, nonuniform thickness of the liquid film duetothe 
residual coating solution does not occur and the liquid 
film can be formed without any problem. 
10 [0049] Moreover, by applying the coating solution so 
that the ends of the liquid film to be formed lie on the 
surfaces of the peripheral section of the stage, a uniform 
liquid film can be formed on the surface of the substrate 
W. The process thereof will be described in detail with 
15 reference to FIGs. 5A and 5B. 

[0050] FIG. 5A is a schematic sectional view which 
shows a substrate W placed on a stage 1 , the level of 
surfaces 1 A and 1B of the peripheral section ofthestage 
1 differing from the level of the surface of the substrate 
20 w by the thickness of the substrate W. A liquid film is 
applied only to the surface of the substrate W to be coat- 
ed, in a comparative example. In contrast, FIG. 5B is a 
schematic sectional view which shows a substrate W 
placed on a stage 1 . surfaces 1 A and 1 B of the periph- 
25 eral section of the stage 1 being substantially level with 
the surface of the substrate W, and a liquid film formed 
on the surface of the substrate W to be coated as well 
as on the surfaces 1 A and 1 B of the peripheral section, 
in an example of the present invention. 
30 [0051] In either case, the thickness of the liquid film 
at the end P1 is larger than the thickness of the liquid 
film in the center P2. In FIG. 5A, the thicker portions P1 
lie on the ends of the substrate W. However, in FIG. 5B, 
since the thicker portions P1 lie on the surfaces 1 A and 
35 1 B of the peripheral section of the stage, the thickness 
of the liquid film on the end of the substrate W is the 
same as the thickness of the liquid film in the center. 
Accordingly, a uniform liquid film can be formed on the 
entire surface of the substrate W. 
40 [0052] Preferably, the surface of the substrate W and 
the surface of the peripheral section of the stage are 
level with each other as shown in FIG. 5B so that the 
enclosure of bubbles by the liquid film or the separation 
of the liquid film at the boundary between the peripheral 
45 section and the substrate can be avoided. Although it 
depends on the viscosity of the coating solution and the 
thickness'of the liquid film, if the height of the surface of 
the substrate W relative to the height of the peripheral 
section ranges from approximately 20 |a,m lower to 200 
50 u.m higher the enclosure of bubbles or the separation 
of the liquid film can be avoided when the coating solu- 
tion used in the field related to the present invention is 
applied. 

[0053] By removing the coating solution P remaining 
55 on the stage 1 using the liquid absorbing roller 10 each 
time after the coating solution P is applied to the sub- 
strate W, a plurality of substrates, such as wafers, can 
be coated continuously, and liquid films having uniform 
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in-plane thickness can be formed. 
[0054] Next, a coating apparatus for applying a liquid 
film in a second embodiment of the present invention 
will be described with reference to FIGs. 6 and 7. FIG. 
6 is a perspective view of a coating apparatus, showing 
a state in which a coating solution adhering to a stage 
is removed after a film of a coating solution is formed on 
a substrate, and FIG. 7 is a sectional view of the coating 
apparatus shown in FIG. 6. 

[0055] This embodiment differs from the first embod- 
iment in that a liquid absorbing block, which does not 
rotate when it is moving, is used as a coating solution 
removing unit for removing the coating solution on stage 
1 . The other structures and the methods of forming the 
film of the coating solution in this embodiment are the 
same as those in the previous embodiment. The same 
numerals are used for the same members as those in 
the previous embodiment. 

[0056] In FIGs. 6 and 7, a liquid absorbing block 20 is 
composed of a porous structure 20A of polygonal cross- 
section (square cross-section in the drawing), and a 
highly absorbent fabric 20B composed of ultrafine fibers 
with a fine high-density structure is wound around the 
surface of the porous structure 20A in order to acceler- 
ate the absorption of a coating solution P. A hollow shaft 
21 provided with many holes on the surface is disposed 
in the center of the liquid absorbing block 20, and the 
hollow shaft 21 is connected to a vacuum suction source 
12A via a vacuum suction channel 22. 
[0057] The liquid absorbing block20 having the struc- 
ture described above is moved without rotating with one 
side of the block being pressed to the stage 1 , and thus 
the coating solution P adhering to the stage 1 is re- 
moved. That is, by moving the liquid absorbing block 20 
along the stage 1 . the coating solution P adhering to the 
stage 1 is absorbed by the highly absorbent fabric 20B 
and the porous structure 20A. Also by applying a nega- 
tive pressure to the hollow shaft 21 using the vacuum 
suction source 12A, the coating solution P adhering to 
the surface of the stage 1 is vacuumed up and absorbed 
via the surface of the liquid absorbing block 20, and is 
then vacuumed up from the periphery of the liquid ab- 
sorbing block 20 to the center. The vacuumed-up solu- 
tion is conveyed from the hollow shaft 21 through the 
vacuum suction channel 22 to be discharged out of the 
liquid absorbing block 20. 

[0058] In this embodiment, the process of applying a 
coating solution to a substrate held by suction on the 
stage is performed in a manner similarto that in the pre- 
vious embodiment. That is, a substrate W is mounted 
on a substrate-holding section 5 of the stage 1 , and a 
negative pressure is applied to suction holes 6 so that 
the substrate W is held by suction. Next, by a coating 
unit 2 (not shown in FIGs. 6 and 7), the coating solution 
P is applied to a region including the entire surface of 
the substrate W. A vacuum suction source 7A is then 
stopped to return the pressure of the suction holes 6 
back to atmospheric pressure to release the substrate 



W, and by dismounting the substrate W from the stage 
1 , the substrate W provided with the film of the coating 
solution on the entire surface is obtained (refer to FIGs. 
3A to 3C and FIGs. 4A to 4C). 

5 [0059] In order to remove the coating solution P ad- 
hering to the stage 1 , as shown in FIGs. 6 and 7, a neg- 
ative pressure is applied to the hollow shaft 21 of the 
liquid absorbing block 20 by the vacuum suction source 
12A, and the liquid absorbing block 20 is translated on 

10 the stage 1 while being pressed on the surface of the 
peripheral section of the stage 1 . Thus, the coating so- 
lution P adhering to the stage 1 is absorbed and vacu- 
umed up from the surface of the liquid absorbing block 
20 comprising the highly absorbent fabric 20B and the 

15 porous structure 20A. The coating liquid P is vacuumed 
up from the surface of the liquid absorbing block 20 to 
the center of the liquid absorbing block 20, and is then 
conveyed from the hollow shaft 21 through the vacuum 
suction channel 22 to be discharged out of the liquid ab- 

20 sorbing block 20. In the above process, the liquid ab- 
sorbing block 20 is moved along the surface of the stage 
without rotating. 

[0060] With respect to the liquid absorbing block 20 
in this embodiment, if the ability of the side in pressure 

25 contact with the stage 1 to absorb the liquid is de- 
creased, by rotating the liquid absorbing block20 so that 
a different side is brought into contact with the stage 1 . 
the ability to absorb the liquid can be maintained. For 
example, preferably, whenever a liquid film is formed on 

30 a substrate, the block 20 is rotated by 90 degrees, 1 80 
degrees, or 270 degrees, and the coating liquid on the 
stage is removed using a different side from that previ- 
ously used. 

[0061] In this embodiment, the coating solution P is 
35 also prevented from entering the substrate-holding sec- 
tion 5 of the stage 1 and substantially all the coating so- 
lution P remaining on and adhering to the stage 1 can 
be removed. By removing the coating solution P on the 
stage 1 every time the coating solution P is applied to 
40 the substrate W, a plurality of substrates, such as wa- 
fers, can be continuously coated with the coating solu- 
tion. 

[0062] As described above, since the thickness of the 
liquid film is nonuniform at both ends corresponding to 
45 the starting and ending points for the formation of the 
liquid film, the coating range is preferably arranged so 
that the liquidfilm is also formed in the peripheral section 
of the stage by the coating unit. 

[0063] Next, a coating apparatus for applying a liquid 
50 film in a third embodiment of the present invention will 
be described with reference to FIGs. 8 and 9. FIG. 8 is 
a perspective view of a coating apparatus, showing a 
state in which a coating solution adhering to a stage is 
removed after a liquid film is formed on a substrate, and 
55 FIG. 9 is a sectional view of the coating apparatus 
shown in FIG. 8. 

[0064] This embodiment differs from the previous em- 
bodiments in that a different coating solution removing 
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unit is used. However, the other structures and the meth- 
ods of forming a liquid film are the same as those in the 
previous embodiments, and the same numerals are 
used for the same members as those in the previous 
embodiments. 

[0065] In FIGs. 8 and 9, a coating solution removing 
unit includes a suction head 30 having a length that is 
substantially the same as the width of a stage 1 , and a 
vacuum suction source 12A which is connected to the 
suction head 30 via a vacuum suction tube 32. The suc- 
tion head 30 includes a slit 30C composed of two blades 
30A and 30B disposed in parallel. The slit 30C has an 
opening in the range of approximately 50 jam to 1 0 mm, 
and herein the opening of the slit 30C is set at 1 00 um 
In the coating solution removing unit described above, 
by bringing the slit 30C of the suction head 30 close to 
or into contact with the stage 1 and by translating the 
suction head 30 along the surface of the stage 1 while 
activating the vacuum suction source 1 2A, a coating so- 
lution P adhering to the stage 1 can be vacuumed up by 
the tip of the slit 30C and can be discharged through the 
vacuum suction tube 32. 

[0066] In this embodiment the process of applying the 
coating solution P to a substrate W held by suction on 
the stage 1 to form a film of the coating solution is per- 
formed in the same manner as that in the previous em- 
bodiments. After the substrate W is held by suction on 
a substrate-holding section 5 of the stage 1 , the coating 
solution P is applied to a region covering the entire sur- 
face of the substrate W by a coating unit 2 (not shown 
in FIGs. 8 and 9). A vacuum suction source 7A is then 
stopped to release the suction of the substrate W, and 
the substrate W is dismounted from the stage 1 , and 
thus the substrate W provided with thef ilm of the coating 
solution on its entire surface is obtained (refer to FIGs. 
3A to 3C and FIGs. 4A to 4C). 

[0067] As shown in FIGs. 8 and 9, by bringing the slit 
30C of the suction head 30 close to or into contact with 
the stage 1 and by translating the suction head 30 along 
the surface of the stage 1 while activating the vacuum 
suction source 12A, the coating solution P adhering to 
the stage 1 is vacuumed up by the tip of the slit 30C and 
is discharged through the vacuum suction tube 32. 
[0068] In an experiment, thecoating solution adhering 
to the stage 1 was removed by setting the distance be- 
tween the tip of the slit 30C of the suction head 20 and 
the stage 1 at 1 0 jim and the moving rate of the suction 
head 20 at 10 mm/sec. Substantially all the coating so- 
lution P on the stage 1 was removed without the coating 
solution P entering the substrate-holding section 5 of the 
stage 1. The coating solution on the stage 1 was re- 
moved by the suction head 30 every time a liquid film 
was formed on a substrate W, such as a wafer, and thus 
it was possible to form liquid films on a plurality of sub- 
strates continuously. 

[0069] Next, a coating apparatus for applying a liquid 
film in another embodiment will be described with refer- 
ence to FIG. 1 0. FIG. 1 0 is a perspective view of a coat- 



ing apparatus in a fourth embodiment of the present in- 
vention. 

[0070] This embodiment differs from the previous em- 
bodiments in that, as shown in FIG. 10, asubstrate-hold- 

5 ing section 5 provided on a stage 1 is a rectangular re- 
cess so as to hold a rectangular substrate, such as a 
glass substrate. The depth of the recess is substantially 
equal to the thickness of the rectangular substrate so 
that the surface of the substrate to be coated is substan- 

10 tially level with the surfaces 1A, 1B, and 1C of the pe- 
ripheral section of the stage 1 . 

[0071] The length of a slit 8C (not shown in FIG. 10) 
is equalto orslightly longerthan the maximum width W1 
of a substrate W to be coated (herein the width of the 
15 rectangular substrate in the longitudinal direction of the 
slit 8C). 

[0072] The other structures and the coating methods 
are the same as those described in the previous embod- 
iments. 

20 [0073] Since the liquidfilm remains at least on the sur- 
faces 1 A and 1 B of the peripheral section of the stage 
1, a liquid absorbing roller 10 is rotated and moved on 
the stage 1 under pressure so as to remove a coating 
liquid P adhering to the stage 1 . Of course, the coating 

25 solution removing unit described in the second or third 
embodiment may be used. 

[0074] Next, a coating apparatus for applying a liquid 
film in another embodiment will be described with refer- 
ence to FIG. 1 1 . FIG. 1 1 is a sectional view of a coating 

30 apparatus in a fifth embodiment of the present invention . 
[0075] This embodiment differs from the previous em- 
bodiments in that, as shown in FIG. 1 1 , as a coating unit, 
a roll coater provided with a coating roller 41 is used. A 
coating solution is fed to the surface of the coating roller 

35 41 through a coating solution feed channel 42, and the 
coating roller 41 is rotated and moved on a substrate W 
so that the coating solution is applied to the substrate 
W. As the substrate W, a circular substrate, such as a 
wafer or disk, or a rectangular substrate, such as a glass 

40 substrate, may be used. The length of the coating roller 
is equal to or slightly larger than the maximum width of 
the substrate W. Accordingly, a liquid film is formed on 
the substrate W and extends to at least a portion of sur- 
faces 1 A and 1 B of the peripheral section of a stage 1 . 

45 [0076] The other structures and the coating methods 
are the same as those described in the previous embod- 
iments. 

[0077] After the substrate is dismounted, since the liq- 
uid film remains at least on the surfaces 1A and 1B of 

50 the peripheral section of thestage 1 , the coating solution 
P adhering to the stage 1 is removed by pressing and 
moving a liquid absorbing roller 10 on the surfaces 1A 
and 1 B of the peripheral section while rotating the liquid 
absorbing roller 10. Of course, the coating solution re- 

55 moving unit described in the second or third embodi- 
ment may be used. 

[0078] Next, a coating apparatus for applying a liquid 
film in another embodiment will be described with refer- 
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ence to FIG. 1 2. FIG. 1 2 is a perspective view of a coat- 
ing apparatus in a sixth embodiment of the present in- 
vention. 

[0079] This embodiment differs from the previous em- 
bodiments in that as shown in FIG. 12, a stage 1 is con- 
structed so that a plurality of substrates W can be held. 
As the substrates W, rectangular substrates, such as 
glass substrates, may be used instead of the circular 
substrates, such as wafers and disks, as shown in the 
drawing. The length of a coating unit is equal to or slight- 
ly larger than the maximum width W1 of an array of the 
substrates (the length in the longitudinal direction of a 
slit). Thus, a liquid film is formed on the substrates W 
and also on at least a portion of the peripheral section 
of the stage 1 . 

[0080] The other structures and the coating methods 
are the same as those described in the previous embod- 
iments. 

[0081] After the substrates are dismounted, since the 
liquid film remains at least on the surface of the periph- 
eral section of the stage 1 , a coating solution P adhering 
to the stage 1 is removed by pressing and moving a liq- 
uid absorbing roller 1 0 on thesurfacethe peripheral sec- 
tion of the stage 1 while rotating the liquid absorbing roll- 
er 1 0. Of course, as the coating solution removing unit, 
the one described in the second or third embodiment 
may be used, and as the coating unit, the coating roller 
used in the fifth embodiment may be used. 
[0082] A coating apparatus for applying a liquid film 
in another embodiment will be described with reference 
to FIG. 13. FIG. 13 is a sectional view of a coating ap- 
paratus in a seventh embodiment of the present inven- 
tion. 

[0083] This embodiment differs from the previous em- 
bodiments in that a cleaning fluid spray nozzle 44 as a 
cleaning fluid supplying unit and a dry air nozzle 45 as 
a drying unit are provided close to a liquid absorbing 
roller 1 0 so as to be movable together with the roller 1 0. 
The other structure and the coating method are the 
same as those described in the previous embodiments. 
[0084] After a substrate is dismounted, since a liquid 
film remains at least on the surface of the peripheral sec- 
tion of a stage 1 , a cleaning fluid is applied to the stage 
from the moving cleaning fluid spray nozzle 44. The liq- 
uid absorbing roller 1 0 is pressed and moved on the sur- 
face of the peripheral section of the stage 1 while rotat- 
ing the liquid absorbing roller 1 0 so as to remove a coat- 
ing solution P adhering to the stage 1 . Furthermore, by 
blowing dry air against the stage 1 from the moving dry 
air nozzle 45, the stage 1 is dried. Of course, as the coat- 
ing solution removing unit, the one described in the sec- 
ond or third embodiment may be used, and as the coat- 
ing unit, the coating roller used in the fifth embodiment 
may be used. 

[0085] Examples of substrates used in the present in- 
vention include semiconductor wafers composed of sil- 
icon, silicon carbide, silicon-germanium alloys, gallium 
arsenide, indium arsenide, and the like; insulating sub- 



strates composed of quartz, sapphire, alumina, glass, 
resins, and the like; and metal substrates composed of 
aluminum, stainless steels, andthe like. The above sub- 
strates may be provided with various types of elements, 

5 wiring, various thin films, etc. 

[0086] Such substrates are used for fabricating sem- 
iconductor devices, LSIs, liquid crystal devices, optical 
disks, magnetic disks, magneto-optical disks, color fil- 
ters, microlenses, etc. 

10 [0087] Examples of the films formed in the present in- 
vention include water-repellent films, oil-repellent films, 
photosensitive films, insulating films, thermosetting 
films, photosetting films, biochemical films, and align- 
ment films. For example, as the photosensitive films, 

15 photoresistfilms used for photolithography and for form- 
ing color filters may be formed. As the insulating films, 
insulating films between wires usedfor LSIs, liquid crys- 
tal devices, flat panel displays, etc. may be formed. 
[0088] Specific examples are acrylic resins, phenolic 

20 resins, polyimides, fluorinated polyimides, polyvinyl al- 
cohol, hydrogen silsequioxane (HSQ), benzocy- 
clobutene (BCB 1 ), methyl silsequioxane (MSQ), poly- 
tetrafluoroethylene (PTFE), polyarylether, and fluorinat- 
ed polyarylether. 

25 [0089] Liquid films formed by the coating methods in 
accordance with the embodiments described above are 
subjected to baking at an appropriate temperature, for 
example, at 50°C or more so that solvents and disper- 
sion media are vaporized to solidify the films. With re- 

30 spect to photosetting films or photo-curable films, by fur- 
ther irradiation of light, such as ultraviolet light, solidified 
films are formed. 

[0090] As the coating material (coating solution or 
coating fluid) used in the present invention, a starting 

35 material in which any one of the raw materials described 
above is dissolved or dispersed in a solvent or a disper- 
sion medium maybe used. Although the viscosity there- 
of depends on the starting material, it may be in the 
range of 1 0 cps to 1 00,000 cps. 

40 [0091] The thickness of the liquid film is 0.3 jim to 200 
jim, and since thethickness is decreased by baking after 
the liquid film is formed, it must be selected properly de- 
pending on the projected thickness of the film and the 
starting material to be used. 

45 [0092] As the coating unit used in the present inven- 
tion, a head or a roller used in the die coating method, 
the slit coating method, the extrusion coating method, 
and the roll coating method described above may be 
used. 

so [0093] The coating unit and the stage for holding a 
substrate are moved relative to each other during coat- 
ing, and only the head or the roll may be moved in one 
direction, only the stage maybe moved in one direction, 
or both may be moved respectively. 

55 [0094] The height of the peripheral section of the 
stage is substantially level with the surface of the sub- 
strate to be coated as described above. If the peripheral 
section is higher than the substrate, the liquid film easily 
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encloses bubbles, and if the peripheral section is lower 
than the substrate, the liquid film is easily separated. 
Although it depends on the viscosity of the coating so- 
lution and the thickness of the liquid film, if the height of 
the surface of the substrate ranges from 20 jim lower to 
200 |im higher in comparison with the height of the pe- 
ripheral section, occurrence of such inconveniences 
can be sufficiently suppressed. 

[0095] Although the surface of the peripheral section 
is aligned to the surface of the substrate to be mounted 
by forming a recess in the stage in the individual em- 
bodiments, it may be possible to construct the stage by 
placing a member, such as a guide ring, having an open- 
ing which is shaped complementary to the substrate and 
having the same thickness as that of the substrate, on 
a planar table. 

[0096] The distance between the point where coating 
starts on the peripheral section of the stage and the 
edge of the substrate is preferably set at 1 mm or more, 
and more preferably, 5 mm to 30 mm. On the other hand, 
the distance between the opposite edge of the substrate 
and the point where the coating ends is preferably set 
at 1 mm or more. In either case, as the distance increas- 
es, the consumption of the coating solution increases, 
and therefore, the upper limit of the distance may be de- 
termined in consideration of the amount of coating used. 
The length of the slit is preferably at least 1 mm longer 
than the width of the substrate. 

[0097] As the coating material removing unit used in 
the present invention, a liquid absorbing sheet may be 
used instead of the liquid absorbing roller, the liquid ab- 
sorbing block, and the suction slit described above. 
When the coating material is removed, only the coating 
material removing unit, such as the roller, the block, or 
the slit, may be moved, only the stage may be moved, 
or both may be moved. 

[0098] Additionally, a cleaning fluid supplying unit 
which supplies a cleaning fluid comprising an organic 
solvent, such as a ketone, e.g., acetone and isopropyl 
alcohol, or alcohol, or water, in which the coating solu- 
tion is dissolved, may be provided so as to wet clean the 
peripheral section of the stage and the substrate-hold- 
ing section. Furthermore, an absorber, such as a 
sponge, which removes the organic solvent as well as 
the coating material, may be provided and used for re- 
moving them after wet cleaning is performed. Addition- 
ally, as required, a drying unit for drying the peripheral 
section of the stage and the substrate-holding section 
by blowing dry air or dry nitrogen against the stage may 
be also provided. 

[0099] As described above, in accordance with the 
present invention, it is possible to form a liquid film on a 
nonrectangular substrate, such as a wafer, by the die 
coating method, orthe like, without causing nonuniform 
thickness, e.g., the formation of stripes. The coating ap- 
paratus for applying a liquid film to the substrate in- 
cludes a coating solution removing unit for removing the 
coating solution adhering to a stage for holding the sub- 



strate so that the coating solution on the stage is re- 
moved by the coating solution removing unit every time 
the coating solution is applied to the substrate. 
[0100] While the present invention has been de- 

5 scribed with reference to what are presently considered 
to be the preferred embodiments, it is to be understood 
that the invention is not limited to the disclosed embod- 
iments. On the contrary, the invention is intended to cov- 
er various modifications and equivalent arrangements 

10 included within the spirit and scope of the appended 
claims. The scope of the following claims is to be ac- 
corded the broadest interpretation so as to encompass 
all such modifications and equivalent structures and 
functions. 

15 [0101] In a coating method for forming a film of a coat- 
ing material on a substrate by supplying the coating ma- 
terial from a coating unit to the substrate held by a stage 
while the coating unit is moved relative to the stage, the 
stage includes a substrate-holding section and aperiph- 

20 eral section which has a surface higher than that of the 
substrate-holding section. The coating method includes 
the steps of mounting the substrate on the substrate- 
holding section of the stage; forming the film of the coat- 
ing material so that the coating covers the substrate and 

25 extends to the peripheral section; and removing the 
coating material remaining in the peripheral section by 
a coating material removing unit after the substrate pro- 
vided with the film is dismounted from the stage. 

30 

Claims 

1. A coating method for forming a film of a coating ma- 
terial on a substrate held by a stage by supplying 

35 the coating material from a coating unit onto the 
substrate while the coating unit is moved relative to 
the stage, the stage comprising a substrate-holding 
section and a peripheral section having a surface 
higher than that of the substrate-holding section, 

40 the coating method comprising the steps of: 

mounting the substrate on the substrate-hold- 
ing section of the stage; 

forming the film of the coating material so that 
45 the coating covers the substrate and extends 

to the peripheral section; 
dismounting the coated substrate from the 
stage; and 

removing the coating material remaining in the 
50 peripheral section by a coating material remov- 

ing unit. 

2. A coating method according to Claim 1 , wherein the 
coating material removing unit comprises one of a 

55 liquid absorbing roller and a liquid absorbing block 
for absorbing the coating material adhering to the 
surface of the peripheral section, and the coating 
material adhering to the peripheral section is re- 
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moved by moving one of the liquid absorbing roller 
and the liquid absorbing block relative to the stage 
while bringing one of the liquid absorbing roller and 
the liquid absorbing block into contact with the pe- 
ripheral section of the stage. 

3. A coating method according to Claim 2, wherein the 
coating material is removed by suction through one 
of the liquid absorbing roller and the liquid absorb- 
ing block. 

4. A coating method according to Claim 1 , wherein the 
coating material removing unit comprises a suction 
head having a slit on the tip, and the coating mate- 
rial is removed by moving the slit of the suction head 
relative to the stage while bringing the slit close to 
or into contact with the coating material adhering to 
the stage. 

5. A coating method according to Claim 1 , wherein the 
substrate has a nonrectangular shape. 

6. A coating method according to Claim 1, wherein 
coating starts and coating ends on the peripheral 
section of the stage. 

7. A coating method according to Claim 1 , wherein the 
coating material is removed while a cleaning fluid is 
supplied to the peripheral section. 

8. A coating method according to Claim 1 , wherein the 
peripheral section is dried after the coating material 
is removed. 

9. A coating method according to Claim 1 , wherein the 
coating unit comprises a slit and the film is formed 
by ejecting the coating material from the slit. 

10. A coating method according to Claim 1 , wherein the 
coating unit comprises a slit which is longerthan the 
maximum width of the substrate, and the film is 
formed by ejecting the coating material from the slit 
while the coating unit is moved in a direction per- 
pendicular to the longitudinal direction of the slit. 

11. A coating apparatus comprising: 

a stage for holding a substrate, the stage com- 
prising an upper surface having i) a substrate- 
holding section for holding the substrate; and 
ii) a peripheral section to be applied with a coat- 
ing material having a surface which is higher 
than that of the substrate-holding section; 
a coating unit for supplying the coating material 
to the substrate, a film of the coating material 
being formed by supplying the coating material 
to the substrate held by the stage while the 
coating unit and the stage are moved relative 



to each other; and 

a coating material removing unit for removing 
the coating material applied to the peripheral 
section of the stage. 

5 

12. A coating apparatus according to Claim 11, wherein 
the coating material removing unit comprises one 
of a liquid absorbing roller and a liquid absorbing 
block for absorbing the coating material adhering to 

10 the surface of the peripheral section, and a moving 
means for moving one of the liquid absorbing roller 
and the liquid absorbing block relative to the stage 
while bringing one of the liquid absorbing roller and 
the liquid absorbing block into contact with the sur- 
fs face of the stage. 

13. A coating apparatus according to Claim 12, wherein 
one of the liquid absorbing roller and the liquid ab- 
sorbing block is connected to a vacuum. 

20 

14. A coating apparatus according to Claim 11, wherein 
the coating material removing unit comprises a suc- 
tion head having a slit on the tip, vacuum suction 
connected to the suction head, and a moving means 

25 for moving the slit of the suction head relative to the 
stage while bringing the slit close to or into contact 
with the coating material adhering to the stage. 

15. A coating apparatus according to Claim 11, wherein 
30 the substrate-holding section comprises a nonrec- 
tangular recess. 

16. A coating apparatus according to Claim 11 , wherein 
the movement of the coating unit and the stage are 

35 controlled so that coating starts and coating ends 
on the peripheral section of the stage. 

17. A coating apparatus according to Claim 11 , further 
comprising a cleaning fluid supply for supplying a 

40 cleaning solution to the peripheral section in order 
to remove the coating material. 

18. A coating apparatus according to Claim 11 , further 
comprising a dryerfor drying the peripheral section 

45 after the coating material is removed. 

19. A coating apparatus according to Claim 11, wherein 
the coating unit comprises a slit, and the film of the 
coating material is formed by ejecting the coating 

50 material from the slit. 

20. A coating apparatus according to Claim 1 1 ; wherein 
thecoating unit comprises a slit which is longerthan 
the maximum width of the substrate, and the film is 

55 formed by ejecting the coating material from the slit 
while the coating unit is moved in a direction per- 
pendicular to the longitudinal direction of the slit. 



20 
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21 . A method of forming a film on a substrate compris- 
ing the steps of: 

forming a film of a coating material on the sub- 
strate by the coating method according to Claim 
1 ; and 

baking the film of the coating material. 

22. A method of forming a film according to Claim 21 , 
wherein the film is selected from the group consist- 
ing of a water-repellent film, an oil-repellent film, a 
photosensitive film, an insulating film, a thermoset- 
ting film, a photo-setting film, and an alignmentfilm. 

23. A coating method comprising the steps of: 

forming a film of a coating material on a sub- 
strate held by a stage by ejecting the coating 
material from a coating head having a slit, said 
slit comprising at least two parallel blades, 
while moving the coating head relative to the 
stage; and 

removing the coating material adhering to the 
stage by a coating material removing unit after 
thesubstrate provided with thefilm is dismount- 
ed from the stage so that a plurality of sub- 
strates are coated continuously. 

24. A coating method according to Claim 23, wherein 
the coating material removing unit comprises a vac- 
uum suction unit, and the coating material adhering 
to the stage is removed by vacuum suction. 

25. A coating method according to Claim 23, wherein 
the substrate to be held by the stage has a nonrec- 
tangular shape. 

26. A coating apparatus comprising: 

a stage for holding a substrate; 
a coating head having a slit comprising at least 
two parallel blades for ejecting a coating mate- 
rial from the slit; and 

a coating material removing unit for removing 
the coating material adhering to the stage, 
wherein a film of the coating material is formed 
on the substrate held by the stage by ejecting 
the coating material from the slit while moving 
the coating head and the stage relative to each 
other, and the coating material adhering to the 
stage is removed by the coating material re- 
moving unit. 

27. A coating apparatus according to Claim 26, wherein 
the coating material removing unit comprises one 
of a liquid absorbing roller and a liquid absorbing 
block for absorbing the coating material adhering to 
the stage, and the coating material adhering to the 



stage is removed by moving one of the liquid ab- 
sorbing roller and the liquid absorbing block in con- 
tact with the stage. 

5 28. A coating apparatus according to Claim 27, wherein 
one of the liquid absorbing roller and the liquid ab- 
sorbing block is connected to a vacuum. 

29. A coating apparatus according to Claim 26, wherein 
10 the coating material removing unit comprises a suc- 
tion head having aslitonthetip and vacuum suction 
connected to the suction head, and the coating ma- 
terial adhering to the stage is removed by suction 
by moving the suction head relative to the stage 

15 while bringing the slit of the suction head close to 
or into contact with the coating material adhering to 
the stage. 

30. A coating apparatus according to Claim 26, wherein 
20 the substrate to be held by the stage has a nonrec- 

tangular shape. 

31. A coating method according to Claim 1 , wherein the 
substrate is held on the stage by negative pressure. 

25 

32. A coating apparatus according to Claim 1 1 , wherein 
the stage has a suction hole for holding the sub- 
strate by negative pressure. 
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